In a Web experiment, participants were randomly assigned to 2 semantic differentials either made from discrete 5-point ordinal rating scales or from continuous visual analogue scales (VASs) with 250 gradations. Respondents adjusted their ratings with VASs more often to maximize the precision of answers, which had a beneficial effect on data quality. No side effects like differences in means, higher dropout, more nonresponse, or higher response times were observed. Overall, the combination of semantic differentials and VASs results in a number of advantages. Potential for further research is discussed.
Introduction
Researchers have an extensive methodological repertoire at their hands to design questionnaires that assist participants in giving accurate answers and maintaining their willingness to cooperate.
Especially Web-based methods offer rich ways to alter questionnaire design. One convenient possibility to optimize questionnaire design is to alter the available response scales. However, changes in response scales can affect the question answer process, especially question understanding as well as the formatting of answers (e.g., Sudman, Bradburn, & Schwarz, 1996) , and seriously impacting given ratings (see deLeeuw, Hox, & Dillman, 2008; Dillman, Smyth, & Christian, 2009; Funke, Reips, & Thomas, 2011; Groves, Fowler, Couper, Lepkowski, Singer, & Couper, 2004; Krosnick, 1999; Schwarz, 1999) .
Semantic Differentials
A special way of presenting multiple, related survey items are semantic differentials where respondents are faced with different aspects of a single latent variable, e.g., when the present mood is described along bipolar items like calm -excited, happy -sad, and depressedcheerful. C. E. Osgood is credited for introducing this way of presenting items in the 1950s (Osgood, 1952; Osgood, Suci, & Tannenbaum, 1957) . By now it is an established measurement device used in many fields (e.g., psychology, sociology, and linguistics). A battery of contrasting, bipolar verbal anchors is presented in form of a matrix (see experimental section,
Figure 2).
It is known that respondents are likely to see items not independently but in the context of one another (see Dillman et al., 2009; Schwarz & Oyserman, 2001) . Thus, when measuring unrelated items it is advantageous to present each item on a separate page (see Reips, 2002) to minimize context, anchoring and contrast effects (e.g., Sudman, Bradburn, & Schwarz, 1996) . In a semantic differential all aspects are intentionally presented on the same (Web) page to emphasize that all items are related to the topic at hand and that respondents are asked to give ratings regarding all aspects.
Research on the historic origin of semantic differentials revealed that this type of rating scale was initially made from continuous, not from discrete rating scales. McReynolds and Ludwig (1987) report that a device very similar to what we consider a semantic differential Funke & Reips (in press 
Web-Based Data Collection
Web-based data collection has become a well-established instrument in the world of survey methodology (Best & Krueger, 2004; deLeeuw, Hox, & Dillman, 2008; Dillman & Bowker, 2001; Dillman et al., 2009; Joinson, McKenna, Postmes, & Reips, 2007) and science in general (Reips, 2008) . In comparison to laboratory settings, Web-based research for example greatly extends the access to a large number of participants and to special populations (see Fuchs, 2008; Mangan & Reips, 2007) , and it allows the presentation of various multimedia stimuli (e.g., Fuchs & Funke, 2007) .
Nevertheless, there are some pitfalls. For example, respondents have to have a certain degree of computer literacy to be able to complete a Web-based questionnaire in a meaningful way. Another worry is that the setting in which respondents take part in a study cannot be controlled. On the one hand, these non-standardized situations can be a good reason why mode and other effects occur and Web experiments sometimes may not produce the same results as experiments conducted in laboratories (Reips, 2002 (Reips, , 2007 . One the other hand, the validity of results obtained from testing persons in real-life environments without (involuntary) influence of the experimenter should be higher (see Honing & Reips, 2008) .
Web-based questionnaires are prone to involuntary changes in layout due to different client-sided software configurations. For example, poor HTML code can result in uneven spacing between radio buttons, which can shift ratings as Tourangeau, Couper, and Conrad (2004) demonstrated, and even small changes in layout and visual design can affect answers (e.g., Couper, Traugott, & Lamias, 2001; Dillman & Bowker, 2001; Reips, 2010; Smyth, Dillman, Christian, & Stern, 2006) . New technologies tend to foster the development of new rating scales or measurement devices. However, it must be guaranteed that new methods do not systematically reduce data quality. Buchanan and Reips (2001) observed that education and Funke & Reips (in press ). Semantic differentials made from VASs 5 personality traits were confounded with the use of certain technologies. Funke, Reips, and Thomas (2011) found an interaction between formal education, technology, and dropout rate.
Overall, one should pay much attention to a straightforward implementation and control for technological background variables (e.g., operating system, browser, and availability of technologies). It seems wise to follow the low-tech principle, to use as many robust standard procedures as possible (e.g., HMTL instead of Flash or Java), and to keep technological requirements for participation as low as possible.
Visual Analogue Scales (VASs)
VASs are continuous graphical rating scales, first described by Hayes and Paterson (1921) . The obvious advantage over discrete scales is that answers are not restricted to a certain number of response options but very fine gradations can be measured. In computerized data collection with
VASs each pixel in length corresponds to a possible value (Reips & Funke, 2008) . Figure 2 illustrates a considerable difference in reported intensity of the bottom three items with VASs that cannot be observed with 5-point scales. Additionally, data collected with VASs can be subjected to a greater number of statistical procedures than data collected with categorical scales (e.g., recoding by empirical quantiles) and goodness of fit tests are more powerful. and with marker after first click on the rating scale (B).
Many paper-based studies -especially in the medical sector, e.g., for assessment of subjective phenomena like fatigue or pain (Cork, Isaac, Elsharydah, Saleemi, Zaviska, & Alexander, 2004) -were not able to show differences between VASs and ordinal scales regarding mean ratings (also see Averbuch & Katzper, 2004; Flynn, van Schaik, & van Wersh, 2004) . In a paper and pencil study on pain, Myles, Troedel, Boquest, and Reeves (1999) and Myles and Urquhart (2005) found that data from VASs are linear and equal changes in intensity Funke & Reips (in press ). Semantic differentials made from VASs 6 correspond to equal differences in length on VASs. Gerich (2007) found that mode differences between paper and Web are smaller with VASs than with 5-point scales. Hofmans and Theuns (2008) conclude that in a paper-based study "VASs can be considered as linear scales and that the type of end anchors used has no effect on the linearity of the VAS data" (p. 401). Reips and Funke (2008) found that even in Web surveys VASs fulfill many requirements of measurement on the level of an interval scale. With mentally well-represented constructs equal changes in intensity correspond to equal changes in ratings on VASs. So, differences between ratings on
VASs can be interpreted in a meaningful way and the prerequisites for many statistical procedures are met.
In contrast to the historical origins, nowadays semantic differentials are rarely made of VASs. The most likely explanation is the effort associated with the manual readout in paperbased studies. The administration of VASs is burdensome and prone to error when distances are measured and read by eye and hand. However, this is no issue in computerized data collection where data are read out automatically.
Research Questions and Hypotheses
Making sound ratings on semantic differentials is a more complex task than just answering single items. Respondents have to consider not only a single item but also the relationships between the items presented to give sound overall judgments. Our research focuses on how the rating scale used with semantic differential influences the measurement process and data quality.
VASs allow giving finely nuanced ratings regarding many aspects of the construct being measured. However, this large number of possibilities may be too demanding. Ratings with ordinal scales pose the problem of shared ranks whenever the number of response options is smaller than the number of items. Thus, giving consistent ratings regarding the relation between all items is impossible. Ordinal rating scales always require decisions about compromises and thus may increase cognitive burden. Additionally, if continuous concepts are to be rated on ordinal scales, a transformation, a segmentation, and mapping to the nearest category have to be mastered by the respondent. Funke & Reips (in press Heerwegh, 2003) . Using JavaScript we implemented a measure of how long it takes to make ratings and how often ratings are modified. Thus, we made use of the enhanced technologies available in Internet-based research when investigating the manual answering process in remote participants (Stieger & Reips, 2010) . Regarding the observable part of the question-answer process, we hypothesize that respondents take advantage of the possibilities of VASs. Thus, the greater number of response options with VASs should lead to deeper cognitive processing which in turn should increase response times in comparison to ordinal scales.
Additionally, ratings should be changed more frequently with VASs when respondents make an effort to give a sound judgment regarding all items. Overall, measurement with VASs should lead to higher data quality.
The Experiment
The Web experiment was conducted as part of a study on personal preferences, taste, and style preferences among a convenience sample of students of psychology at the University of Kassel, Germany, from January 7-30, 2008. Respondents provided a personal, but anonymous code to be able to get a feedback of their individual results in comparison to the overall mean as per capita incentive (see Göritz, 2006) .
Questionnaire
The questionnaire consisted of 83 consecutive Web pages. To utilize advantages of the warm-up technique in Internet-based research (Reips, 2002 ) -i.e., the experimental manipulation is only introduced after a number of neutral items, so the dropout that naturally occurs at the beginning of Internet-based studies can not be attributed to the experimental manipulation -the experimental manipulation of the type of rating scales in the semantic differentials was placed on pages 81 and 82. On each of these two pages was one semantic differential consisting of 13 bipolar items, assessing different aspects of the respondents' style regarding furnishing (semantic differential 1 "My furnishing is:") and clothing (semantic differential 2 "Mostly my clothing Funke & Reips (in press ). Semantic differentials made from VASs 8 is:"). The labeling of the 13 items was the same on both pages (see Figure 2) . The questionnaire contained no other semantic differentials.
Procedure
In a between-subjects design respondents were randomly assigned either to semantic differentials made from 5-point rating scales, implemented with HTML radio buttons, or to semantic differentials made from VASs with 250 pixels in length corresponding to 250 gradations.
Randomized distribution of participants to the experimental conditions took place when a participant mouse-clicked the submit button on the first page of the questionnaire. The VASs were generated with the free Web service VAS Generator (maintained by the authors, located at http://vasgenerator.net, see Reips & Funke, 2008) and implemented using JavaScript. Type of rating scale was the same on both Web pages. line at the appropriate point and the marker appeared at the very position. To modify the rating any other position on the VAS could be clicked. As with the radio button version, it was not possible to move the marker on the VAS by dragging it with the mouse. Every click on the VASs was recorded just as every click on a radio button. In both conditions respondents could adjust all ratings as often as they wanted and no rating was mandatory.
Results

Participants
The study the experiment was embedded in was advertised in an introductory psychology class.
Overall, 413 participants started the questionnaire, i.e., they agreed to participate by clicking the submit button on the first page of the experiment where randomization to the experimental conditions took place and 278 participants reached the experimental section. At the beginning of the study, participants were asked for an anonymous code. Not providing a code indicated a low motivation to seriously participate in this study, so we excluded these seven cases. We excluded three additional cases (1.1%) of JavaScript not being enabled in the respondents' Web browsers.
Overall, we thus obtained a sample of 268 cases, 134 in each experimental condition. Due to the warm-up technique no dropout occurred on the two pages of the experiment.
Nonresponse
In both conditions 7.1% of the data set (19 cases with each scale) were incomplete, showing at least one missing value during the experiment. Following the common definition of lurking (e.g., Bosnjak, 2001 ), we take lurkers as respondents who do not provide even a single answer within a study. We detected two lurkers, one per condition. Additionally, we found two cases in the condition with the radio button scale type that did not provide a single value for either semantic differential (one-page lurker). We excluded these four cases, resulting in 264 cases (133 with VASs and 131 with 5-point scale) for analysis of item nonresponse.
Overall, we found no statistically significant difference in item nonresponse between
VASs and the 5-point scales. However, there was a trend for less nonresponse with VASs that is consistent across both semantic differentials: Semantic differential 1: M(VAS) = 0.28 (SD = For the analysis of frequency of changing answers, means, correlations, and response time, we excluded all cases with at least one missing item, resulting in 230 cases, 115 with each type of scale. All in all, data from 17.3% of respondents did not meet the strict criteria for inclusion of data we set for the analyses that follow.
The proportion of females among the 230 cases for the following analyses was 76.5%
with VASs and 71.3% with 5-point scales. The mean age was M = 23.1 years (SD = 2.2) with VASs and M = 23.7 (SD = 3.8) years with 5-point scales. None of these demographic differences between the experimental conditions was statistically significant (all p > .10).
Adjusting Responses
To make inferences on the process of decision making we analyzed how often ratings were modified. The effort to give accurate responses is reflected in the number of changes. To be more conservative, we disregarded data from one respondent with an extremely high frequency of changes (53 changes Figure 4 . Mean ratings semantic differential 1. Funke & Reips (in press For better comparability, data from both scales were recoded ranging from 0 to 100. Thus, a difference of one unit can be interpreted as one percentage point difference between ratings.
Ratings
Overall, both rating scales lead to similar mean ratings. After Bonferroni correction no difference in mean ratings was detected, neither for the first semantic differential (see Figure 4) nor for the second semantic differential (see Figure 5 ). Figure 5 . Mean ratings semantic differential 2.
Correlations
Both concepts we observed with the semantic differentials (style of furnishing and style of clothing) should be highly correlated, as we expect a general factor "sense of style" to influence both variables. We used the correlations between identical aspects (e.g., plain -fanciful for furniture style and plain -fanciful for clothing style) to infer on measurement error (see Groves et al, 2009 ). This concept addresses the difference between an ideal measurement process and the actually obtained response. A desired measurement with lower measurement error would show high correlations between variables measuring the same aspect and low correlations -indicating high discrimination -between different aspects (e.g., plain -fanciful and trendy -classic). We Funke & Reips (in press *Correlation is significant at the .05 level (two-tailed). **Correlation is significant at the .01 level (two-tailed). Funke & Reips (in press Correlations between corresponding aspects. For this analysis we looked at the correlations between the 13 corresponding aspects (see Table 1 , principal diagonal printed in bold type).
Mean correlations measured with VASs (M = .48, SD = .10) were higher than correlations with the 5-point scales (M = .41, SD = .11). This difference is marginally significant and has a large effect size, F(1, 25) = 3.41, p = .077, η 2 =.125.
Correlations between distinct aspects. If VASs produced higher correlations in general, not only with corresponding aspects but also with unrelated aspects, this would be an undesired effect (e.g., always just clicking in the middle of a rating scale would have produced high correlations between all aspects). Thus, we computed the mean correlations for all unrelated aspects (see Table 1 , printed in regular type). Mean correlations between unrelated aspects of the construct style were zero measured with VASs (M = .00, SD = .21) and nearly zero with the 5-point scales (M = -.01, SD = .17).
Response Times
In contrast to a laboratory setting, there can be multiple sources of participant distraction in Web surveys not related to the study (e.g., pet distracting respondent, incoming phone calls). We decided to remove all unreasonably high response times from analyses and identified outlier as proposed by Tukey (1977) 
Discussion
VASs allow respondents to communicate subjective values more exactly than radio button scales. Moreover, the number of response categories communicates how elaborated the expected answer should be. A small number of response options implicitly conveys the message that roughly estimated answers are sufficient, whereas a large number of response options can be understood as an instruction to maximize cognitive efforts (see also Schwarz, 1999 
Decision Making Processes
We considered response times and frequency of adjusting responses to infer on the decision making processes. VASs had a clear influence on the number of changes. Ratings with VASs were modified around twice as often as with 5-point scales. In line with our hypothesis, respondents indeed made use of VASs' fine gradations. Are more adjustments with VASs an indicator for deeper cognitive processing? In contrast to our expectations, we found no difference in response times. Regardless of the available rating scale respondents seem to be willing to invest a certain amount of time for dealing with the task of answering the items in a semantic differential. With discrete 5-point scales' limited number of response options and the problem of shared ranks this time is likely to be used for formatting the answer, i.e., to make a compromise in given responses. In contrast, with continuous VASs respondents do not have to bother about restrictions of the rating scale. Instead they use the time to maximize the precision of the given answers. This process of maximizing efforts should find its expression in data quality.
The indicator for data quality we used was the correlation between style of furnishing and style of clothing. Our reasoning is that both domains of style should be highly correlated as they are influenced by the same general factor. A superior measurement should lead to high correlations between corresponding aspects of style and to no correlations between distinct aspects. Indeed, correlations between corresponding aspects were significantly higher with VASs Funke & Reips (in press ). Semantic differentials made from VASs 16 in comparison to 5-point scales. Correlations between distinct aspects were around zero for both scales. We take these findings as an indicator that measurement with VASs has a beneficial influence on data quality.
Mean ratings and non-response
Overall, mean ratings are hardly affected by the rating scales we tested, the absolute difference was very small. This is in line with a large body of literature on VASs yielding the same mean score as ordinal scales (e.g., Averbuch & Katzper, 2004; Flynn et al., 2004;  for Web-based research see Couper et al., 2006; Funke & Reips, 2010) .
Regarding general indicators of data quality -dropout, lurking and item nonresponseour results show no statistically significant differences between rating scales. There is -in contrast to Couper et al. (2006) -a tendency for even less item nonresponse with VASs, which may be owed to the low-tech implementation of VASs in the study presented.
Conclusion
For the first time, the present study compared semantic differentials made up with VASs to those made up with ordinal scales. VASs are suited to (literally) draw an accurate picture of all aspects of the construct being measured. In contrast, ratings with 5-point scales are troubled by shared ranks and the low degree of differentiation between aspects on the individual level. The inherent qualities of VASs (e.g., detection of small differences and far more possibilities for data analyses) are convincing arguments for the use of this type of rating scale. Overall, we consider the results reported as encouraging for the use of VASs with semantic differentials. Further research with eye tracking (e.g., Galesic, Tourangeau, Couper, & Conrad, 2008) or the User Action Tracer technique (Stieger & Reips, 2010) could help in understanding the exact way ratings are made with semantic differentials.
Our recommendation is to go back to the historical roots, transfer the original ideas of semantic differentials made from VASs, take it to the next level, and use this combination for Web-based data collection.
